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第 3 章では、ターゲット（分析対象物）である特定の RNA と検出に関連する試薬とを混合し、
等温条件（37Ԩ）下で短時間放置するだけで発光反応が進行するという新しい等温測定法の開発を
検討した。本法は三者開始複合体の形成をトリガーとするシグナル増幅法であり、SATIC（Signal 
Amplification by Ternary Initiation Complexes）法と命名した。この技術の利点は、（i）熱アニーリン
グや、（ii）反応中の熱サイクル、（iii）逆転写工程、（iv）ターゲット RNA の酵素的またはメカニカ
ルな断片化の必要がないことである。SATIC 法では、ターゲットの RNA と、環状 DNA 鋳型鎖、
DNA プライマーで三者開始複合体を形成し、それがトリガーとなって、RCA 反応が進行し、最終
的に、長鎖の一本鎖 DNA 上にグアニン四重鎖（G4：G-quadruplex）が数珠状に連なった構造体が
生成する。生成された G4 は反応液中の N3-ヒドロキシエチルチオフラビン T （ThT-HE）で特異的
に蛍光染色することができる。また、RCA 反応のシグナル増幅過程を改良した二重増幅システム（二
重 SATIC 系）では、2 つの異なる環状 DNA 鋳型鎖とプライマーが用いられ、ターゲット RNA（CidR）
の検出において、ターゲットの濃度が 1〜5000 pM という幅広い範囲で、定量性を示した。このよ
うに、本法は、RT-LAMP（Reverse transcript Loop-Mediated Isothermal Amplification）法や RPRCA
（RNA-Primed Rolling Circle Amplification）法など、従来の等温増幅法よりも迅速かつ簡便であり、















Studies on creation of functional biomaterials and specific detection 
methods of biomarkers using nucleic acid aptamers 
 Although DNA and RNA are generally known as biopolymers, which preserve and transmit 
genetic information, some sequences (nucleic acid “aptamers”) possess the ability to bind to 
specific targets such as antibodies. To date, nucleic acid aptamers have been created for various 
targets such as small organic molecules, proteins, cells, and viruses. An advantage is that nucleic 
acid aptamers can be manufactured in vitro via chemical synthesis with relative ease. Furthermore, 
they have a potential application as therapeutic and diagnostic agents owing to their advantages 
such as low immunogenicity and the ability to be stored at ambient temperature in the dry state. 
Our aims in this study were to investigate two potential applications for nucleic acid aptamers: 
the development of functional biomaterials for therapeutic purposes, and the development of 
diagnostic tests for biomarkers such as proteins and other small molecules. 
In Chapter 2, the creation of functional fibrin gels using nucleic acid aptamers as functional 
biomaterials was investigated. By the utilization of the specific interaction between thrombin 
binding aptamer (TBA) and thrombin and that between thrombin and fibrin, we attempted to 
chemically modify fibrin. The technique chosen, the one we previously discovered, was selective 
oligonucleotide entrapment in fibrin polymers whereby oligonucleotides are selectively entrapped 
into fibrin gels during gel formation. Modified TBA with plural amphiphilic groups at the 3′-end 
was successfully incorporated into the fibrin gel via thrombin. Functionalized fibrin gel facilitated 
the cultivation of HeLa cells at the confluent state. The results demonstrate the potential of this 
methodology for chemically controllable cell growth in tissue engineering, regenerative medicine, 
and cancer therapy. 
In Chapter 3, our attempts to develop a novel isothermal method in which a luminescent reaction 
proceeds when a particular target RNA is mixed with relevant reagents and the mixture is 
maintained briefly at 37°C are described. This method involves signal amplification triggered by the 
formation of a thermal initiation complex and has been termed as signal amplification by ternary 
initiation complexes (SATIC). Advantageously, this technique does not require (i) preliminary heat 
annealing, (ii) thermal cycles during the reaction, (iii) reverse-transcription, or (iv) enzymatic and 
mechanical fragmentation of target RNA. In the SATIC system, the ternary initiation complex of the 
target RNA, circular DNA template, and DNA primer is formed, after which an RCA reaction 
proceeds, eventually producing a single long DNA strand containing multiple G-quadruplexes 
(G4s) which is fluorescently stained with N3-hydroxyethyl Thioflavin (ThT-HE). Furthermore, the 
improved SATIC system, including two different circular DNA templates and primers, was able to 
quantitatively detect the target RNA (CidR) within a wide target concentration range of 1–5000 pM. 
Thus, this method enables visual RNA detection, which is more rapid and convenient than the other 
previously reported methods such as reverse transcript loop-mediated isothermal amplification and 
RNA-primed rolling circle amplification. 
In Chapter 4, our attempts to construct the SATIC system for non-nucleic acid targets are 
described. The development of more convenient methodologies for detecting particular molecular 
targets is in the limelight because an increasing number of novel biomarkers (e.g., proteins and 
metabolites) are being discovered. A quantitative real-time detection system for thrombin and 
streptomycin (protein and metabolite targets, respectively) using a one-tube-one-step procedure 
was successfully developed. 
This study shows excellent functionalities of nucleic acid aptamers by the development of 
functional biomaterials to control cell growth and in the development of biomarker detection 
techniques. Thus, this study has greatly expanded the possibilities for the practical use of nucleic 
acid aptamers in the development of bio-medicines/diagnostic reagents. 
